INTRODUCTION
The growing technological importance of alkali metals, mainly due to their specific advantages for high temperature application (section 3 *), has resulted in an increased demand for a reliable and consistent set of thermodynamic data. The rapidly increasing fuel costs and need for improved thermal efficiency of power plants consequently led to an increase in the peak temperatures of the cycles (chapter 3.1). The resulting necessity for safety risk assessment led to considerable efforts to extend our knowledge up to and even beyond their critical point temperatures.
In this chapter the measured melting, boiling and critical point data of the alkali metals are reviewed. The melting point temperatures are well established. Deviations within a degree or less are mainly due to the impurity content of the sample. Because of the somewhat large scatter in boiling temperatures, the selected values are compared to the boiling point temperatures taken from assessed vapour pressure curves presented in chapter 6.2.
Main emphasis has been given to the assessment of the critical point data where only a few direct measurements compare to a large number of predicted values (Ref. 1, chapter 2.5.1). The main experimental methods for measurements in the critical region are described. For lithium no measurements in the critical region are available. The various estimates of the critical temperature differ by over a thousand degrees and range from 3000 to 4400 K (Ref. 1, chapter 2.5.1). For sodium, only recently was a second set of measurements in the critical region reported (Ref. 9) . Uncertainties on the exact location of the critical point still remain for potassium (Refs. 8, 10, 11), rubidium (Refs. 8, [12] [13] [14] [15] [16] and cesium (Refs. 8, 12, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . In particular, recent improvements in density measurement indicate a critical temperature for Cs lower than the published values (Ref. 25 ). Melting, boiling, and critical point data of alkali metals 1409 EXPERIMENTAL 
METHODS
A survey of experimental techniques for measuring the critical constants has previously been prepared on behalf of IUPAC (Ref. 1) . A brie review is given below.
Two methods of heat generation, static, described here, and dynamic (Ref. 26),havebeenused to achieve the required temperatures. The static techniques, using resistance heating inside cooled walls of a high-pressure vessel (autoclave) are limited presently to about 2800 K and 1600 bar by the reduced strength of the sample containers (Ref. Gol'tsova (Ref. 33 ) measured the liquid density of alkali metals up to 1850 K using an overflow type pycnometer (Fig. 1) . The density at a given temperature was determined by weighing the liquid in the overflow container.
Hensel and Franck (Ref. 34 ) measured the equation of state of mercury in the supercritical region with a pycnometer. The position of the meniscus of the liquid metal was determined by electric resistance measurement (Fig. 2) . Argon was used as the pressure-transmitting medium inside an internally-heated autoclave.
Renkert, Hensel, Franck and Freyland (Ref s. 35, 36) used the drastic change in electrical conductivity caused by the onset of vaporization, i.e. the replacement of the liquid by the gas phase in the upper part of the cell to measure the saturation pressure. The pressure of the fluid metal within a thin W-Re cell was balanced by argon (Fig. 3) . Four W-Re wires, fixed close to the top and bottom of the cell, were used for resistance (conventional potentiometry) and temperature (thermocouple) measurement. Pfeifer et al. (Ref. 37) connected the high-temperature cell to a set of stainless steel bellows by a capillary of negligible volume, allowing simultaneous measurement of electric conductivity, Seebeck coefficient and density, in addition to temperature and pressure. The expansion of the bellows was measured by a closed mercury system using an inductive level indicator (Fig. 4.a) . A similar technique was used by Goldmann and Tödheide (Ref. 38) to determine the PVT-data of molten salts and by Hilber, Tödheide and Franck (Ref. 39 ) for measurements on aqueous salt solutions. In a recent application to sodium at the JRC Karlsruhe (CEC), Binder (Ref. 9) replaced the closed mercury system by a displacement recorder using a linear differential transducer (Fig. 4.b) . (Fig. 7) . For isochoric measurements, constant density of the fluid was controlled by the buoyancy of a spherical sinker of known density. The position of the 'f-active sinker was controlled by y-detection. In order to follow an isochore, the pressure was adjusted during the temperature rise, such that the density of the fluid remained equal to that of the sinker and the position of the sinker remained unchanged. (Fig. 8) for the determination of the vapour pressure of alkali metals up to 2500 K. The principal components are a closedend pressure tube at high temperature, and a controllable liquid-oil injector at low temperature. The pressure of the oil injector system is plotted against the volume of the injected oil. The sharp break in the pressure curve, when the tube is just filled with liquid, indicates the vapour pressure at the temperature of the tube tip.
Oster and Bonilla (Ref. 18 )developed the tilting-capsule method (Fig. 9) for determining the densities of the high-temperature saturated liquid and the vapour phases of alkali metals.The method relies on measuring the tilt angle of a cylindrical capsule, partially filled with the substance, as a function of temperature. The capsule is supported on transverse of fcentre knife edges in between two electric contacts indicating the position of the capsule within the furnace tube inside the pressure vessel (autoclave). (Fig. 10) for the measurement of vapour and liquid densities of the alkali metals with the use of radioactive isotopes. A known quantity of alkali metal, sealed in a capsule, was irradiated in a thermal neutron flux to counting rates of reasonably short resolution times. Vapour-and liquiddensity data near the critical temperature were analysed using the law of rectilinear diameter (Ref. 44) , and the correlations suggested by Rowlinson (Ref. 43a) and Kordes (Ref. 43b) . For the melting temperature,agreement was obtained with only few exceptions within one degree or less. Only in a few cases improvements were possible due to lower impurity contents achieved by refined purification techniques (see chapter 4.1 of this handbook). CRITICAL POINT DATA Table 3 summarizes the measured and revised critical temperature, pressure and density data, and critical compressibility factor of sodium, potassium, rubidium and cesium.
In order to distinguish from the extrapolated data, the quantities measured directly are underlined. The predicted values are given in brackets. The data reported in the literature are discussed with special attention to the experimental and theoretical methods involved.
Since there are no measurements available on the critical point data of lithium a new estimate is given applying the rules and relationships described in chapter 2.5.1.
Lithium
There are no measurements of the critical constants of Li. Estimates of the critical temperature differ by well over 1000 K and range from 3000-4400 K (Ref. 1, chapter 2.5.1). The main procedures for estimating the critical constants have been reviewed in chapter 2.5.1 and tested on Cs, Rb, K and Na for which measurements are available. The higher estimates of the critical temperature (3800-4450 K) are mainly obtained from the assumption of corresponding states behaviour of a vapour phase property such as the entropy of vaporization, vapour density (Kordes plot) and saturation vapour pressure. The lower estimates ( 3000 K) are obtained from the empirical Gates and Thodos correlation and the original van der Waals equation of state. Most estimation procedures, however, must be rejected on the grounds that they do not lead to reasonable values of the critical temperatures for Cs, Rb, K, and Na, for which measurements are now available (see chapter 2.5.1). The most accurate estimates of the critical temperatures of Cs, Rb, K, and Na, are obtained from a) the modified Guldberg rule and b) corresponding states behaviour of the reduced rectilinear diameter.
In the modified Guldberg rule the ratio Tb/T has been determined for Cs, Rb, K, and Na using the selected values of Tb given in table 2 and the measured critical temperatures given in (800-2000 K) (1) Extrapolation of the rectilinear diameter to the critical temperature yields a critical density c = 110.4±0.5 kgni3. In chapter 2.5.1 it has been shown using the low temperature (T 0.5) density data that the alkali metals show corresponding states behaviour provided one uses a different set of scaling temperatures for the liquid and vapour phases. The scaling temperatures found for the liquid alkali metals are very close to the measured values of Tc for Cs, Rb, K, Na, whereas those found for the vapour phase are considerably higher. It follows that previous applications of corresponding states behaviour which use vapour phase properties do not yield the correct critical temperatures. A correct application of corresponding states theory to estimate the critical temperatures of the alkali metals requires scaling of a liquid phase property. In particular, corresponding states theory requires that the slope of the reduced rectilinear diameter, i.e.,BT I , has a universal value. The low-temperature rectilinear diameter p = A-BT, is determined essentially by the liquid density (in contrast to the Kordes plot, which is determined essentially by the vapour density) and can be regarded as a liquid phase property. For cesium, using the value of B from Equ. 5, the average value of Tc from Table 3 , and the value of c obtained from the extrapolated rectilinear diameter to this temperature, the slope of the reduced rectilinear diameter has the value BT/P = 1.372±0.041 where the uncertainty has been determined from the scatter in the value of T. The values of the critical temperatures and densities of Rb, K, Na and Li may be obtained directly by extrapolating the rectilinear diameters to the critical point and using the result BTc/P = 1.372. ----- Using a critical temperature of Tc = 2239 K leads to a critical density of c = 192 kgm3.
The dashed curves shown in Fig. 12 represents a reasonable description of thevariation of the vapour and liquid densities in the critical region, consistent with the critical coordinates given above and the extrapolated rectilinear diameter.
Rubidium
For rubidiuri four sets of high-temperature PVT measurements in the critical region using different techniques are available. 
CONCLUSION
The measured and revised data of the melting, boiling and critical point temperature are reviewed.
Selected values are given for the melting and boiling point temperatures. Emphasis has been given to the assessment of the critical point data and the experimental techniques used for measurements in the critical region. For the selected values of temperature and pressure, given in Table 6 , the averages (lIT, log p) of the directly measured or revised data (Table 3) were taken. The critical densities were calculated from the rectilinear diameters (Eqs. [2] [3] [4] [5] 
